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With a large share of the population dependent on agriculture and high exposure to natural disasters and other food price shocks, the welfare impacts of food price inflation in Mozambique cannot be ignored. This paper performs incidence analysis exploiting the spatial location of households to match data on consumption with production from agricultural activities to simulate the welfare effects of food price changes. The analysis focuses on maize, rice, and cassava, which form a substantial part of the Mozambican diet, as a source of calories and budgetary allocation. The results show large net negative welfare effects of food price rises in rural areas and small, negative effects in urban areas. A 10 percent increase in maize prices is associated with a reduction of 1.2 percent in consumption per capita in rural areas and 0.2 percent in urban areas. The effects from changes in the prices of rice and cassava are lower but qualitatively equal. Overall, the negative effects are larger for the bottom half of the distribution and imply that the price spike in 2016-17 may have translated into a poverty increase of 4-6 percentage points, with some of the poorest provinces bearing much of the brunt. The results hold to changes in some of the underlying assumptions of the simulations. . This paper is a product of the Poverty and Equity Global Practice. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/research. The authors may be contacted at jbaez@worldbank.org.
Introduction
The global food and fuel price spike in 2007-08 motivated many researchers to examine the welfare effects of these aggregate shocks on households in various developing countries. These price spikes were found to have a significant net negative impact on food security and poverty, with studies estimating that between 141.2 million and 155.6 million people could have fallen under the $1.25 per day poverty line due to the price increase (de Hoyos & Medvedev, 2011; Ivanic & Martin, 2014) . However, there is widespread heterogeneity in the results of food price welfare incidence analysis, with the effects varying with location (both across and within countries), the temporal scale of the analysis, price levels as well as their volatility, and the degree of price transmission to local markets (Headey & Martin, 2016) . Given this heterogeneity, the appropriate policy responses to these price rises are not always clear.
While global agricultural prices have been relatively low, especially after 2011, many individual countries have continued to experience sudden rises in prices. A case in point is Mozambique, which saw steep food price inflation during 2016-17, going up as high as 40%. With a higher risk of natural disasters, a large share of the population dependent on agriculture and unequal progress in development across regions, the likelihood of negative welfare impacts of food price inflation in Mozambique cannot be ignored. The context specific nature of the impacts of price hikes and their policy responses necessitates a deeper understanding of the welfare incidence of the price spikes in Mozambique to better target the segments of the population who are likely to require support. This paper performs food price incidence analysis in Mozambique, combining data from household and farmer surveys on consumption and agricultural activities collected from Mozambique in 2014 and 2015. We exploit the spatial location information of households across two different data sets to match household consumption data with production data from the set of nearest neighbors. In addition, we also incorporate disaggregated, market-level price data on major staples to simulate the welfare and poverty effects using observed price changes. As a result, in contrast to many previous studies, this allows us to analyze the spatial variation in the impact of food costs using actual prices faced by the households. 3 The analysis focuses on the price effects of maize, rice and cassava, which form the main staple and constitute on average more than 30% of the food budget share. We find evidence for a large net negative welfare effect of price rise in rural areas, and a small, negative effect in the urban areas. Overall, the simulations show that a 10% increase in maize prices would result in an average household welfare (as measured by consumption per capita) reduction of 1.2% in the rural areas and 0.2% in urban areas. The welfare reductions due to a similar increase in the price of rice and cassava are much smaller -0.2% and 0.4% respectively in rural areas, and 0.2% and 0.1% respectively in the urban areas. The largest negative welfare impacts are seen in poorer provinces where the dependence on maize for food consumption is higher. These include Manica, Niassa and Tete where a 10% price increase would result in a negative welfare impact of more than 2.5% on average in the rural areas.
These effects are higher when we take into consideration the observed price rise during 2016, which was larger than 10%. The price of maize (relative to the consumer price index for food items) increased by as much as 89% between 2014 (at the start of the household survey sample period) and 2016. Prices of rice and cassava also increased, albeit at a relatively lower level of 22% and 37%, respectively. The net welfare impact of these price increases ranges from a loss of 11.7% in rural areas to 2.7% in urban areas with respect to initial household expenditure. The negative effect is much higher (greater than 20%) in the rural areas of Niassa, Tete, Manica and Sofala.
The negative welfare effect translates into an increase in poverty. Overall, the 2016 food price spike led to an increase in the poverty headcount ratio of 5.9 percentage points. The bulk of the poverty increase occurred in the rural areas, with the provinces of Tete and Manica bearing much of the brunt. We also examine the sensitivity of these estimates to model assumptions -in particular, assumptions about how much of the increase in consumer prices is transmitted to producer prices. We simulate the poverty estimates under various scenarios and find that under the assumption of no change in producer prices, the poverty headcount ratio increased by close to 8 percentage points. This corresponds to an upper-bound on the potential poverty impact of the price rise -this is also because the simulation does not account for behavioral responses such as substitution of crops produced and food consumed. At 3.5 percentage points, the negative effects 4 still hold under an optimistic scenario in which the percent increase in producer prices is twice that of the consumer price increase.
This report is structured as follows. Section 2 presents the theoretical framework and a review of related literature. Following this Section 3 describes the data used, and an overview of the food consumption patterns and food price rises in Mozambique in the recent period. Section 4 discusses the estimates of welfare incidence based on aggregating consumption and production values at the province level as well as using spatial matching methods to construct values at the household level.
Section 4 also discusses the interpretation of the findings and results of some robustness checks.
Finally, Section 5 presents the conclusions.
Background

Theoretical framework
The rise in food prices, particularly staples, is likely to reduce the purchasing power of net foodbuying households. As a result, these consumers may be forced to shift their expenditure behavior -either lowering non-food expenditure or substituting towards cheaper food items. Such coping behavior may not provide sufficient safeguards against food insecurity and poverty, particularly in developing country contexts where access to credit, savings, public safety nets or other institutions may limit ability of these households to smooth consumption effectively. On the other hand, households that are net-sellers of commodities undergoing the price spike may see an increase in profits (income). These positive effects are mediated by the spatial variation in the degree of price transmission to primary agricultural markets, marketable surplus available for the net-sellers, as well as numerous other factors. Therefore, the aggregate welfare effect needs to be estimated considering these different segments of households. The standard approach has been to use measures of compensating variation (CV) or equivalent variation (EV) to estimate changes in household welfare due to price changes. A brief overview of the theory underlying these welfare calculations is provided below, using the CV measure, drawing upon Deaton (1989) and Minot & Dewina (2015) . 5 We start with considering the definition of CV for a change in the price vector from to for consumer prices and to for producer prices. Let . be the expenditure function and .
be the profit function for a household (this could include various kinds of production activities including farming or the sale of household labor through wage labor). The negative of the compensation required to keep utility constant is the CV, and this can be written as the change in welfare due to a higher consumption price and the increase in profits due to a higher selling price of the goods produced by the household:
where is the vector of input prices. Using a second order Taylor expansion around the initial points, we can approximate (1) as follows:
The first term (row one) above approximates the welfare effect of the change in consumer prices, the second term describes the effect of change in producer prices, while the last term indicates the change in input prices. The second-order approximation for CV can be rewritten using Shephard's and Hotelling's lemmas. Following the notation in Minot & Dewina (2015) , we define as household demand for good , as output supply produced for and as demand for input , and rewrite the CV as:
Finally, we can write the CV expression in terms of elasticities and shares. Letting be the initial income, the budget share of consumption good = , is the value of output as share of income, is the value of input as a share of income, and defining the demand elasticities as , elasticity of output supply as and elasticity of input demand as , and ̂ as proportional change in price:
The classical welfare change measure proposed by Deaton (1989) is an approximation of the expression in (2) defined as the following:
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The term in (3) , is often referred to as the net benefit ratio (NBR). This is also known as the net consumption ratio, which is the ratio of the net sales of commodity to the household income (Minot & Dewina, 2013) . This measure provides a relatively straightforward way to capture the welfare incidence of food price changes using household survey data on net sales of food products. The effect on individual households is calculated as a function of its own income and consumption variables. This can then be used to simulate the distributional impacts by different household types (rural/urban, across quantiles of income, across regions etc.) in a regression framework (De Janvry & Sadoulet, 2008). 7 Comparing (2) and (3) provides a clear picture of the simplifying assumptions that are required for the NBR based measure to be robust. First, it assumes that there is no demand response to consumption price changes through substitution eliminating the cross-elasticity term (the second term) in equation (2). Second, the proportional price changes are assumed the same for both consumer prices and producer prices, and therefore the first and the third terms in equation (2) are combined. Third, it is also assumed that producers do not exhibit any supply responses allowing the fourth term to be ignored. Finally, there are no significant changes in input prices including wage rates thereby ignoring the last two terms of the second-order approximation in (2).
In practice, household survey data limitations often constrain the extent to which these assumptions can be relaxed in the welfare analysis. Even though the micro-econometric approach described above provide many insights, the partial equilibrium nature of this analysis fails to account for various macroeconomic factors that could change the welfare incidence of food price spikes. For instance, economy-wide changes in relative prices, factors affecting structure of production and wage rates in the economy can alter households' real income. Past work has found that while certain sections of the population are affected negatively in the short-run due to rising food prices, the long-run effect could be zero or positive after accounting for changes in wage rates (Rashid, 2002; Ravallion, 2000) .
Understanding the macroeconomic processes is particularly relevant to the 2016 Mozambique case given the underlying currency market shocks. Studies employing general equilibrium methods range from simple simulations to full scale CGE models (Wodon & Zaman (2008) provide a literature overview). In particular, micro-simulation approaches, in which survey households are embedded in the CGE model, can provide a more comprehensive picture of the welfare and poverty impacts of food price spikes (De Janvry & Sadoulet, 2008) . In this approach, a CGE model is used to estimate changes in the average income for representative household groups. These changes are then passed down to individual households within each group and consumption expenditures are recalculated to estimate the welfare incidence. Nouve & Wodon (2008) food price spikes in Africa has mostly been found to result in a net increase in poverty in most countries. However, there is a large variation in impacts across countries and within a countryacross rural/urban areas, as well as across spatial regions. A second observation stemming from the literature is that relaxing the household supply and demand response assumption appears to have less of an effect on the results relative to the importance of dealing with differences in consumer and producer price rises.
The common approach has been to use CV calculations based on equation (2) percentage points in Senegal. Their analysis indicates that the impact is mediated by the share of the food commodities undergoing price changes in the consumption expenditure of households as well as the degree of dietary diversity in food consumption. As expected, they also find significant differences in urban and rural areas, with poverty impacts being higher in urban areas in general.
Perhaps surprisingly, in three of the countries in their sample -Ghana, Senegal and Liberia -they find that the impact on poverty is higher in rural areas (Wodon & Zaman, 2008) .
Another study utilizing data from multiple developing countries is by Ivanic & Martin (2014) who examine the impact of the 2010-11 food price surge. Their sample includes 28 low and middleincome countries, but the sample is not limited to African countries and considers price changes 9 for 38 agricultural commodities. Their approach builds on the Deaton formulation through the additional inclusion of demand substitution, i.e., the second term in equation (2), while the other terms in the CV expression are ignored. They use country-level actual changes in domestic prices wherever available in their simulations. Except for Vietnam, they find an increase in poverty in all countries in their sample. Overall, they estimate a net increase in poverty of 44 million people.
Other researchers have attempted a more complete welfare estimation by including the higher order effects of equation (2). Minot & Dewina (2015) use household survey data from Ghana to examine the sensitivity to various assumptions. Specifically, they consider the following four scenarios: (i) no demand or supply response and identical price rise for consumer and produce prices (the Deaton first-order approximation); (ii) similar to (i) but with producer prices rising twice as much as consumer prices; (iii) assuming household supply and demand response (with demand and supply elasticity of 0.3 assumed) and identical consumer and producer price rise; (iv) combination of (ii) and (iii). In the base scenario, they find that households are negatively affected in the short-term. When testing the sensitivity of their results to different assumptions the authors find that the results do not change significantly when supply and demand responses are included (i.e., scenario (iii)). This suggests that short-term estimates resulting from the first-order approximations are likely to be reasonably close to the impact in the medium and long term, particularly for price changes in staple commodities, which are often relatively inelastic in supply and demand. However, the change in results is more substantial in scenarios (ii) and (iv) when the assumption of identical price rises for producer and consumers is dropped. They find that the standard assumption predicts a 1 percent increase in poverty, while the alternative assumption in scenario (ii) predicts a 2 percent reduction in poverty. A similar finding is presented in Dawe & Maltsoglou (2009) Similar work has been done for Mali and Cameroon (Kane et al., 2015; Me-Nsope & Staatz, 2016) .
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In most of these other studies, as well the authors generally find that the inclusion of second order effects has only a marginal impact on the results that are found from considering only the firstorder terms.
Other studies have sought to identify the impact of food price spike on consumption measures. For example, in a study focused on Ethiopia (Alem & Söderbom, 2012) , the authors focus on estimating the effect of food prices on household consumption of food, and self-reported measures of the effect of the shock on the quantity of food consumed and overall effect as perceived by the household head using three rounds of panel data. Their results indicate that those households with low levels of assets are likely to be more vulnerable to food price shocks.
In other related work Verpoorten, Arora, Stoop, & Swinnen (2013) argue that these self-reported measures provide a better picture of the impact of food price changes on food security rather than consumption data from household surveys, which might be prone to measurement error. Other studies have pointed towards this issue, among other potential problems that arise when using survey reported measures of consumption to measure welfare impact (Headey & Martin, 2016) . Using the self-reported measures for Africa Verpoorten et al. find that there was only a small increase in the incidence of food insecurity and decreases in the depth of food insecurity, contrary to the conclusions widely drawn in other studies.
Food price impacts in Mozambique
There is a previous study focusing on the effect of the 2007-08 food and fuel price spike on household welfare in Mozambique (Arndt et al., 2008) . which provides information on income from the sale of agricultural output and on own consumption levels but has no information on production of specific agricultural commodities.
Therefore, in their analysis, they calculate NBR using share of the value of agricultural sales and own production ('auto-consumption') in total household income as proxy for production share and the ratio of total expenditure on all food items, including the value of own consumption, relative 11 to total household expenditure as proxy for consumption share. This methodology differs from the one used in this study. We use agricultural production information for individual commodities by drawing data from the Integrated Agricultural Survey (2015) rather than using information on net agricultural sales alone from the Household Income and Expenditure Survey (2014-15). As a result, this report is able to examine the welfare effect of price increases in three main staple food items.
Based on these proxy measures Arndt et al find that the NBR was 10 % for rural areas and -22 % for urban areas for a hypothetical, overall food price increase of 100%. Accordingly, based on the Deaton approximation, they find that a price increase negatively hurts urban consumers while benefitting rural households. In contrast, the findings from our analysis indicate a negative impact on both urban and rural households. Our results are consistent with evidence from other studies in Africa which have found that a larger than expected share of rural households also tend to be net buyers and are likely to lose from food price increases (Minot & Dewina (2015) in the case of rice and maize in Ghana; Wodon & Zaman (2008) in Ghana, Senegal and Liberia). Arndt et al also find regional differences, with urban households in south and central regions of Mozambique being the most negatively affected. Across region and expenditure quintiles, they find that the poorest households in Maputo are the worst affected, while middle income households in rural north and center are likely to benefit the most. by increases in the price of fuels. They also note that the NBR results are consistent with their general equilibrium results under the assumption where land is fixed, namely that it is not easy to change allocation of land between crops, which is likely to be the case in the short term.
In addition to the Arndt et al (2008) study a few other researchers have examined related aspects of the food price spike in the Mozambique context. Nhate, Massingarela and Salvucci (2013) examine the price transmission from international markets to Mozambique, the degree of integration across various markets in the country, and the political economy of the government policy responses to the 2007-08 price rise. They find that domestic prices for rice and wheat are only partially integrated with the international prices, and that the domestic prices remain high even after international prices had declined. Within the country, they find that the prices in the largest market in Maputo, the capital, transmit partially to some markets (Nampula), but not others (Beira).
Minot (2014) brief description of each data set and how they are used in the analysis is provided below. Later in this section we also discuss the data on market-level food prices, including trends across space and time.
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The IOF-2014/15 surveyed a sample of households that is representative at (i) national, (ii) national urban and national rural, (iii) regional (South, Center and North) and (iv) provincial levels (ten provinces plus Maputo City). The IOF-2014/15 survey is a panel, with each household interviewed thrice during the period Aug 2014 -July 2015. The sample size ranges from 10,373 to 11,506 with some variation across the three rounds owing to attrition, with attrition being higher in some provinces. The IOF-2014/15 recorded food consumed by the household in the past week from both purchases and auto-consumption through a 7-day diary. It also provides details of household income, including net income from sales of agricultural products, but it is recorded only at the aggregate level and not by commodity. Therefore, the IOF data is insufficient to calculate NBR based welfare estimates. At best, it can be used to calculate NBR values for representative groups of households, similar to the values presented in Arndt et al (2008) . Therefore, additional information on household production is necessary to calculate more accurate values of the NBR.
The IAS 2015 (IAS-2015) collects detailed farm level data, including information on crop quantity produced, share and volume of output sold in the market by crop from a sample of 7,485 agricultural households. Using sales data from IAS, we impute values of the crop sales to households in the IOF, and then use these imputed values for calculating the NBR. To start with, we will impute values at an aggregate regional level. However, a caveat to be borne in mind is that the AIS samples agricultural households with an over-representation of rural households.
Additionally, even within urban households the AIS samples those who have agricultural operations. This may result in a bias towards a positive NBR when using aggregate regional values from the IOF and AIS. In later steps, we will use a more refined approach level exploiting the geocoded locations of the sample households in the IAS and the IOF to impute values of sales at a finer spatial level to limit this potential bias.
Household expenditures and food consumption shares
Food expenditure forms a disproportionately large share of consumption for households in
Mozambique. Based on the consumption data from the IOF-2014/15, 56% of the total consumption at the national level goes towards food on average (Column (3), Table 1 ). We find a large regional variation in the households' food budgetary share corresponding to the variation in expenditure levels. The three poorest provinces of Niassa, Nampula and Zambezia have a median daily per 14 capita consumption of only 23.6 -26.5% of the median per capita consumption in the capital Maputo city (Column (2), Table 1 ). As expected, these provinces also devote a higher share of their consumption to food expenditure, with the highest value being 72.1% in the Niassa province.
At 31%, the lowest share is found in Maputo city.
We also find significant variation in the consumption patterns across urban and rural areas. Figure   1 shows in square brackets the mean share of food expenditure for rural and urban areas in each province. Additionally, the provinces are shaded to reflect the average share of auto-consumption within the food budget. The food budget share is higher in rural areas, particularly in the provinces in the poorer Northern region (Cabo Delgado, Niassa, Nampula and Zambezia), and tend to be lower in the Southern provinces (Inhambane, Gaza and Maputo). While lower than in the rural areas, the food expenditure shares are still higher than 50% in the urban centers from the northern provinces of the country. Given these consumption patterns, households in rural areas and in the poorest provinces are likely to be particularly sensitive to changes in food prices.
In addition to the budgetary share of food consumption, the degree to which a household depends on its own production also has have implications for the welfare impacts of food price changes.
Wide geographical variability is also visible in the extent to which households depend on their own production (auto-consumption) for their food in Mozambique Table 1 . Overall, the share of auto-consumption as a percentage of the food budget is higher in the poorer northern regions of the country, where it is over 70%, and tends to decrease towards the south. This share tends to be lower in urban areas where agricultural households growing food crops is less prevalent. However, it is interesting to note that households in urban areas in the North as well as in some of the Central provinces also feature a substantial share of auto-consumption. For instance, even urban areas of Zambezia have a 36% share of auto-consumption on average. Given this high dependence on own production of food in rural areas, an increase in food prices could potentially be net welfare positive for some of the households.
Main components of food expenditures
Household food consumption patterns in Mozambique are similar to other low-income contexts with staples representing the largest share of the food budget. In particular, maize (in the form of 15 corn flour) is the largest item (by value) in the food consumption basket, constituting nearly 20% of total food expenditures ( Table 2 ). The next prominent staple consumed is cassava, followed by rice. The share of these three main food items varies across regions and between urban and rural areas as well.
Maize is a central part of the diet among rural households in the poorest provinces accounting for more than half of the food budget in Niassa, Tete and Manica (Figure 2 ). The share of maize items tends to be much lower in the southern provinces of Gaza, Inhambane and Maputo, ranging between 6.7% to 16% on average, among rural households. Similarly, the share of maize tends to be much lower in the urban areas, with the highest being around 18% in Niassa. Rice and cassava budget shares also show large variation across the country (Figure 3 ). The highest shares are found in the north-central regions of Nampula and Zambezia, with rice and cassava items comprising over 25% of the food budget in the rural areas. Households' consumption of rice and cassava is much lower in the other provinces and is also small in the urban areas across most provinces. The share of auto-consumption in rice and cassava is generally lower compared to maize items. It comprises more than 90% of the rice and cassava consumption only for rural households in the provinces of Nampula and Zambezia. Similar to maize, a substantial portion of the consumption in urban households in these provinces which have relatively higher dietary share of rice and cassava, comes from auto-consumption as well. These relatively high levels of auto-consumption 16 for staples may offer some buffer for households in Mozambique against the negative welfare effects of price shocks for these commodities.
Recent trends in food production, imports and prices in Mozambique
Maize and cassava are two of the most important crops grown by farmers in Mozambique while cultivation and production of rice is relatively lower. Production of these staples has traditionally been fairly volatile, and this appears to be the case in recent years as well (Figure 4 ).
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In most years
Mozambique is a net importer of maize and rice, while most of the cassava production and consumption is done domestically. The predominant source of maize is South Africa (Figure 5 ), while rice is imported from Thailand as well as some other major countries ( Figure 6 ). The data used in this study correspond to the monthly reports of prices from SIMA. 17 levels as well ranging from maize price increases of nearly 180% in Gaza to a low of about 50% in Cabo Delgado. In comparison to maize, the increase in the relative price of rice is lower at about 22% for the overall country, with a high of nearly 39% in Maputo. The price increase in cassava was higher than rice, rising by nearly 37%. 4. Welfare effects of food price increases 4.1 Net-benefit ratios using province level estimates Given the centrality of maize, rice and cassava consumption to the Mozambican diet, we focus on these staples to examine the welfare implications of rise in food prices. 6 We draw from the IOF-2014/15 to construct province-level estimates for value of maize, rice and cassava consumed and total household consumption. Next, we use data on harvested quantities and sale value and quantities from the AIS-2015 to estimate province-level production values for these crops. In the data, sales values are observed only for households engaged in market transactions. Therefore, we construct unit values for these households and impute the mean value to the remaining households in the province that grew but did not sell in the market. One advantage of these estimates is that the implicit prices used to calculate consumption and production values reflect the differences in producer and consumer market prices since they are 5 This analysis combines the prices for Maputo City and Maputo Province and use the same values for both regions in the welfare analysis later. Also, we use the overall national value for the provinces for which cassava price data are not available. 6 We also run the analysis with addition of other food items (sorghum and millet). However, the effects are largely driven by the impact of maize and the net welfare impact remains almost unchanged with addition of other food items. 7 We first calculate per capita daily values, and then use these to estimate annual values at the household level. 8 The overall production ratio changes by less than 0.1 percent when we use the median value to impute unit sale prices.
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based on unit values from consumption purchases in the IOF data and the unit sales value from maize sales in the AIS data, respectively. A caveat to be noted is that the sample of households in the AIS data is skewed towards rural regions (about 16% of the sample is urban). As a result, estimates of production ratios for urban households may be prone to larger sampling error.
We first start with examining the NBR for each of the individual food items within each province.
The results are summarized in Table 4 . Panel A presents the results for maize, Panel B for rice and Panel C for cassava, respectively. In general, the average NBR is negative for maize, and the magnitude of the welfare impacts is also larger for maize. The last row of Panel A shows that on average, for the whole country, maize forms about 10.7% of the total expenditure and maize production value accounts for 4.6% of the total. This is consistent with the fact that Mozambique is a net-importer of maize and that consumer prices are higher than producer prices. The negative NBR implies a negative effect of maize price increases. A 10% increase in the price of maize would reduce the average welfare of households by 0.61%. The negative effect holds for all provinces except for Zambezia and Maputo City and is higher in the poorest provinces with the highest dependence on maize -Niassa, Manica and Tete. In each of these a 10% increase in prices results in a negative welfare impact of more than 1%.
The PR for rice is nearly the same as it is for maize, on average, while the CR is much smaller (Panel B, last row). The NBR for the whole country, on average, is 0.031 indicating that a 10% increase in rice prices would result in a positive welfare effect of about 0.3%.
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The welfare implications for rice price increases are generally positive across all provinces with the exception of Cabo Delgado and Inhambane. The magnitude of the positive effect ranges from a high of 0.9% for Sofala to a low of 0.1% in Nampula. An increase in cassava prices, on the other hand, has moderate negative welfare implications on average. Overall, the NBR indicates that a 10% increase in cassava prices implies a negative effect of close to 0.2%. The welfare effect is negative for most provinces, with the highest effect seen in Nampula -a 0.8% reduction in welfare.
It is worth interpreting this result with caution since the overall net positive NBR for rice may be driven by potential bias in the urban areas. For instance, in the AIS-2015 sample in Maputo City, 96 percent are rice producers. Similarly, a high share of urban households are rice producers in urban areas in other provinces as well. In contrast, in the IOF-2014/15 data less than 1 percent of the households in Maputo city report any income from agricultural sales; and less than 1 percent report any auto-consumption of rice. Table 5 shows the estimates disaggregated by urban and rural areas in each province. Overall, we find that the sign of the NBR implies a negative welfare impact for rural households due to increase in maize and cassava prices, and a positive impact of rice. In urban areas a positive effect is seen in the case of maize and rice, whereas an increase in cassava price has negative welfare implications. Maize consumption accounts for about 15% of the total consumption in rural areas while the share of the production value is around 5.5% for rural households. The negative NBR value suggests that a 10% increase in prices would reduce the welfare of rural households by nearly 1% (Table 4 , Panel A, last row). Maize forms a smaller component of consumption as well as production in the urban areas. As a result, the effect on urban areas is much more muted.
Additionally, as noted earlier, the fact that the AIS sample density is much lower for urban areas may also introduce larger sampling errors for the calculation of the PRs for the urban areas.
As expected, the strongest negative effects are visible in the rural parts of the country where food budgets shares and the share of maize in food consumption are high. The worst-affected are the rural households in Niassa where a 10% increase in price of maize translates into a 2.8% drop in welfare. A high negative effect is also seen in Manica, Tete and Sofala provinces where a 10% increase in maize price would lower welfare of rural households by 2.4, 1.8 and 1.7%, respectively.
Rice consumption ratios are smaller across the board, while production ratios are high, particularly in rice producing provinces. The NBR for rice is positive in most of the rural areas. The magnitudes of the welfare effects for price increases in cassava are generally much smaller. The largest effects are seen in the provinces of Nampula and Zambezia, which also have the largest share of food expenditure on cassava and rice.
Net welfare effects based on province-level estimates
We now focus on quantifying the net welfare effect of the increase in prices across all three food items. We aggregate across the commodities following Equation (3) and using the observed change in price for each good for each province (seen in Table 3 ). The resulting estimates are presented in Table 6 . Overall, the results imply a welfare loss for rural households, while urban households stand to gain. On net, rural households lose nearly 9% (measured as a share of households' total expenditure), while urban households show a modest gain of 0.6%. For comparison, a study of food price changes in India during 2006-08 found on average a net welfare loss of -6.2% for rural 20 households, for price increases ranging from of 28.6 to 51.8% across four commodities (De Janvry & Sadoulet, 2009) . Given that the households in Mozambique are poorer on average, and the price spike is much higher in this case, the effect of -9% appears to be reasonable.
Negative effects in the rural areas are driven mostly by the impact through maize. This is consistent with the fact that maize forms the highest share of food expenditure and experienced the largest increase in prices relative to other food items. Maize price increases result in a large welfare loss of about 20% in Niassa, Tete, Manica and Inhambane. The effect from cassava tends to dominate in Nampula and Zambezia where it forms a relatively larger share of the food basket. Some positive general welfare gains are seen in the case of rice in many of the rural areas.
Urban areas in many provinces show positive gains from maize price increases, which is rather unexpected. As noted earlier, one of the reasons may be due to possible sampling bias in the AIS data. Since the survey focuses on agricultural households, the sample of urban households may overrepresent those who have agricultural operations. As a result, province-level aggregates maybe discounting urban households which do not farm, and therefore, do not appear in the survey. In the next section we present our preferred set of results, in which IOF-2014/15 households are matched to spatially proximate AIS-2015 households to mitigate the potential sampling problem.
This approach also allows us to estimate the welfare incidence at the household rather than at the province level, thereby allowing to examine the movement of households into or out of poverty.
Net-benefit ratios using household level estimates
To improve the measurement of production ratios, we impute production values to IOF-2014/15 households using data from spatially matched AIS-2015 households. We find for each household in the IOF-2014/15 the nearest neighbors within a radius of 10 km in the AIS-2015. 10 We check the sensitivity of the estimates by varying the radius to 5 km and to 15 km and find that the results remain robust to these changes. Averages of the maize, rice and cassava production quantities for the neighboring households are used to impute production values to households in the IOF-2014/15. In the urban areas the production values are imputed only for those households in the IOF-2014/15 that report non-zero auto-consumption values. Households that have zero own-
10
The Stata package geonear is used for the spatial matching (Picard, 2012) .
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consumption of maize, rice or cassava in urban areas are more likely to be doing so because they have no production of their own and depend on market purchases. It is harder to make this assumption for the rural areas since most rural households are engaged in farm activities to varying degrees. Zero auto-consumption here is likely to be a result of the household running out of their own stocks during the period when the consumption data were collected.
The sample of matched IOF-2014/15 and AIS-2015 households is used to calculate consumption, production and net-benefit ratios. Table 7 presents the results of this analysis. The main differences are observed in the mean production ratios, which are in general lower compared to earlier as a result of setting production value to zeros for those households showing no auto-consumption in the urban areas and those with no neighbors producing maize, rice or cassava.
11
Overall, we find that the welfare results for maize and cassava in the rural areas are qualitatively similar to the province level estimates. Yet, there are some differences in direction of the effects of a rise in the price of rice and the net effects in urban areas. An increase in the price of rice is associated with a reduction in household welfare whereas increases in the prices of the three staples lead to net welfare losses in urban areas.
The largest negative impacts continue to be driven by maize in the rural areas, where a 10% price increase results in a 1.1% reduction in welfare. The largest welfare reductions (over 2%) are experienced in the provinces of Niassa, Tete, Manica and Sofala. The direction of the maize effects in rural areas is consistent with the finding using province-level values, but the magnitude of the effects is higher. Compared to the results in the earlier section, the effects for maize diverge a lot more in the urban areas. This is likely the result of correcting for the oversampling of farmoperating households in the urban AIS-2015 sample. The household-level analysis consistently shows negative welfare impacts across urban areas over the country owing to lower PR values.
There is a net welfare reduction of about 0.2% for a 10% increase in the price of maize, much smaller than the estimated effect for rural areas.
The welfare implications for cassava are in line with the patterns observed in the estimates in Table   5 . We continue to see a negative welfare incidence of cassava price increase in the provinces of 11 The consumption ratios differ slightly from those in Table 5 because of differences in about 1.4% IOF sample due to missing or incorrect geographic coordinate variables.
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Nampula and Zambezia, with the magnitude of the welfare reduction being higher compared to that observed in the previous section. Small, negative welfare incidence is seen across the urban areas in all provinces, with a net welfare reduction of 0.1% for a 10% price increase. The results vary the most for rice price rises. The large positive welfare gains seen in the province of Sofala disappear. Instead, we see moderate negative welfare reductions in both rural and urban areas across all provinces.
These results remain robust to varying the distance within the neighbors that are matched. In Table   8 we show the overall rural-urban CR, PR and NBR estimates using 5 km radius and a 15 km radius cut-off, along with the 10 km radius results from above. We find a very small change in going from 5 to 10 km radius, but the effects remain qualitatively the same. As we increase the radius beyond a certain threshold the sample of neighbors start to remain unchanged as we exhaust all neighbors within a sample cluster. As a result, the estimates remain virtually unchanged between 10 km to 15 km radius. Increasing the cut-off to higher numbers is likely to introduce as neighbors' households that may be exposed to different microclimatic and soil conditions. In the absence of other common characteristics to match IOF-2014/15 and AIS-2015 households on, this simple spatial imputation appears to provide a robust compromise. Table 9 presents the welfare effects of the observed 2016 price rises using the NBR elasticities obtained from spatially matching households in the IOF-2014/15 and the AIS-2105. The results for rural areas indicate a slightly higher negative incidence of the price rise, with an overall average reduction in household consumption of 13%. Once again, we find that the effect is by and large driven by the impact of maize price increases, except for the substantial role of cassava in Nampula and Zambezia. The evidence also suggests that there is a negative welfare incidence on urban households of nearly 2.6% of household consumption on average. Table 10 shows the estimated net welfare incidence of the price increases across quintiles (based on per capita expenditure levels) for maize, rice, cassava and the overall effect. Negative welfare effects tend to decline with an increase in the income quintile. However, the largest negative welfare reduction is seen amongst the 2nd and 3rd quintiles in the rural areas. This net effect is 23 driven by the divergence in the impact of maize among the poorest quintiles in both rural and urban areas. In both cases households in the 1st quintile have smaller negative effects of maize price increase on average, but consistently have a higher negative effect owing to cassava price increase relative to the two quintiles above them. This is likely due to cassava being a cheaper source of calories. Based on the average daily quantity consumed and the value of consumption from the IOF-2014/15, we estimate the calories per MZN from cassava (322.0), maize (199.4) and rice (173.7). As a result, cassava is likely to form a more dominant part of the diet for the poorest households. At the same time, cassava witnessed a relatively lower price rise compared to maize.
Net welfare effects based on spatially imputed values
Panel C shows that the poorest quintile has a larger portion of their food budget devoted to cassava and a relatively smaller share towards maize in comparison to the 2nd and 3rd quintiles.
We also use the spatial imputation-based values to estimate the effect of the price change on shortrun poverty. We use a reference poverty line of 25.85 Metical per capita consumption expenditure.
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For each household, we estimate the implicit effect on consumption expenditure based on the net welfare effects calculated above and measure the movement of individual households across the poverty threshold based on the updated expenditure. Table 11 shows that there is a net increase in the poverty headcount ratio (HCR) of about 5.9 percentage points from 46.7% to 52.6%. Much of the increase is in rural areas where the HCR rose by nearly 8.5
percentage points. At about 1.34 percentage points, the effect in urban areas is much smaller. The worst affected households are those in the poor, rural areas of Manica, Niassa and Sofala.
Discussion and sensitivity checks
The changes in poverty presented above are best seen as short-run estimates. Given the relatively short time span within which the price increase occurred it is plausible that the households have limited potential for adjusting their consumption. The short window also limits changes in the households' production decisions in response to the agricultural market price changes. These assumptions ignore any second order response (the higher order terms in Equation (2)). Much of the previous work on the welfare impacts of food price rises in the past has made similar assumptions as well. These assumptions have been found to be reasonably robust across studies 12 This is based on the World Bank poverty line estimates presented in "Strong but Not Broadly Shared Growth -Mozambique Poverty Assessment". 24 that included second order effects in their analysis. As mentioned in the review of literature section, the inclusion of second order terms generally resulted in only a marginal impact on welfare across a number of African countries (Minot & Dewina (2015) for Ghana; Kane et al (2015) in Mali; and Me-Nsope & Staatz (2016) in Cameroon). In this paper we also assume that the consumption and producer behavioral responses are likely to have a relatively small effect on net welfare in the short term. However, the effects on welfare are likely more sensitive to relaxing the assumption that proportional changes in prices are the same for both producers and consumers.
As is the case in most previous studies, producer price data are not consistently available for Mozambique and we cannot directly estimate the change in the marketing margins (difference between consumer and producer prices) during the period of the price rise. Therefore, following Minot & Dewina (2015) and , we examine the sensitivity of our base case estimates (Table 10 and Table 11 ), where we assumed proportional producer and consumer prices increases, by simulating the welfare changes under a range of marketing margins. More specifically, we simulate the four following scenarios: (i) zero percent increase in producer prices -an upper-bound on the negative welfare impacts of the food price increase; (ii) an increase in producer prices equal to 50% of the percent increase in consumer prices; (iii) 1.5 times the percent increase in consumer prices and (iv) twice the percent increase in consumer prices, the most optimistic scenario, proxying a lower bound. Table 12 presents the net welfare impacts under each of the four scenarios. As one would expect, the highest negative effect is observed under the assumption of no producer price increase -12.65% compared to 8.94% in the base scenario. The size of welfare reduction drops as the assumed percentage increase in producer prices becomes larger. However, we find that the welfare effects remain negative even if the percent increase in producer prices is twice that of the increase in consumer prices. Under this scenario the household welfare loss for the whole country is still around 5%. Only in the provinces of Nampula and Zambezia, which have high PR of maize, we see a positive impact under the optimistic scenario.
A similar pattern in seen in Table 13 , which presents the corresponding impact on poverty prevalence under each of these scenarios. The overall poverty headcount ratio increases to 54.6 % 25 under the assumption of no change in producer prices (a 4 percentage point increase over the base scenario). This presents an upper-bound on the poverty impact of the food price spike. On the lower-end, with the percent increase in producer prices being double the consumer prices, the resulting poverty headcount of 50.1% is lower than the base scenario but still nearly 3.5 percentage points over the initial poverty rate prior to the price change.
Conclusions
We examined the potential welfare implications of food price increases for the main staples in Mozambique. The analysis focuses on maize, rice and cassava, which form a substantial part of the Mozambican diet, both as a source of calories and household budget shares. We estimate netbenefit ratios for each of these food items, and examined the variation across regions, location and income-groups in Mozambique. Overall, our results indicate that an increase in price of any of these crops is associated with a reduction in welfare. Perhaps surprisingly, we find a negative effect even in rural areas, with the magnitude being higher compared to urban areas. This is driven by the fact that rural households in Mozambique have a large share of consumption devoted to food, and a substantial part of that budget comprises staples, above all maize. Food budget shares in rural areas are as high as 70% in the poorest provinces, and maize comprises more than 25% of the food budget. Given the high proportion of maize and other staples in the food basket, agricultural households are on average net consumers of these items even in rural areas. The share of maize, rice and cassava in the food expenditure of urban households is in general much lower.
The largest negative effect is seen in the case of maize, with a reduction in household consumption of 8.7-10.8%. The largest losses in welfare are experienced by households in rural areas of the provinces of Niassa, Tete, Manica and Sofala, which are among the poorest regions of the country.
We also find large, negative impacts on welfare due to increase in the price of cassava in the provinces of Nampula and Zambezia. The magnitude of the welfare reductions due to an increase in price of rice are much smaller on average. We also examine the sensitivity of the results to changes in the assumptions about producer-consumer price differences. Even under an optimistic 26 scenario that assume a percent increase in producer prices twice as large as the percent increase in consumer prices, the welfare incidence remains negative (-5%) for the country as a whole.
The welfare incidence analysis across the income distribution shows negative effects across all income groups. Yet, there is heterogeneity across quintiles. The largest losses are not experienced by the poorest, but mostly by rural households in the middle of the distribution (quintiles 2 and 3), which are below but closer to the poverty line. However, the poorest households (two lowest quintiles) tend to experience the largest welfare reductions in the urban areas. These welfare losses imply an overall increase in the poverty headcount ratio of nearly 6 percentage points (from 46.7% to 52.6%).
The results of this study indicate that the welfare effects of food price spikes in Mozambique are likely to be disproportionately felt by the households in specific regions and within certain bands of income. These households reside in relatively poorer regions of the country and may be vulnerable to other shocks as well. These findings underscore the importance of minimizing the welfare losses of increases in the prices of staples. Increasing productivity in agriculture and resilience to weather shocks and other risks (e.g. pests) will contribute to raising the supply of food to Mozambique's own rapidly growing population and regional markets. The opposite, inhibiting trade within the country and across borders in periods of high prices, will undermine agricultural output and food availability. Similarly, improvements in the efficiency of local agricultural markets (better connectivity, information on prices, etc.), including the functioning of input markets, will reduce production and marketing costs, reducing the welfare impacts of food price volatility. Early warning systems such as food security, food price and rainfall monitoring systems can help identify hot spots and manage food surpluses and humanitarian assistance. Finally, there is a need for non-distortionary, rapid scalable safety nets to protect the well-being of those highly vulnerable to high food prices. Source: Consumer price index data is from FAOSTAT; commodity prices are based on data from SIMA
